Topics in Thoracic Surgery 34 decrease in the volume of both lungs with a reduction in functional residual capacity. The compliance of the non-dependent upper lung increases and it receives more ventilation. Paralysis and intermittent positive pressure ventilation are used during thoracotomy and the compliance of the non-dependent lung is increased even further. In practice, it is usual to selectively ventilate the lower lung (OLV) at this point and allow the upper lung to collapse. This eliminates the preferential ventilation and facilitates surgical access, but creates the more serious problem of ventilation/perfusion mismatch (9).
Introduction
To facilitate the work of the thoracic surgeon it has become accepted procedure in certain circumstances to collapse the diseased lung being operated upon. To accomplish this, the technique most frequently used by the anaesthetist calls for the insertion of a double lumen endobronchial tube. This makes it possible to isolate the intact dependent lung from the diseased upper one and thus to prevent contamination of the sound lung. On the other hand, collapse of the uppermost lung causes serious functional respiratory modifications which call for special compensatory measures to avoid hypoxaemia. The purpose of this study is to stress again that optimum maintenance of oxygenation is crucial for the prevention of sustained cellular hypoxia and to show how this may be achieved (1) (2) (3) . During one-lung ventilation (OLV) with patients in the lateral decubitus position, there is a potential risk of considerable intrapulmonary shunting of deoxygenated pulmonary arterial blood, which may result in hypoxemia. The consequences of an increase in pulmonary vascular resistance (PVR) in the nondependent (nonventilated) lung is to redistribute blood flow to the ventilated dependent lung, thereby preventing PaO2 from excessive decrease. This increase in nondependent lung pulmonary vascular resistance is predominantly due to hypoxic pulmonary vasoconstriction (HPV) (4-8).
Physiological consequences of the lateral decubitus position
Sometimes, even in normal situations, and especially when there is a disease, a number of zones in the lungs are well ventilated, but the blood doesn't run through their vessels, while there are other areas with extraordinary blood flow, but with poor or no ventilation at all. It is clear that in each of the mentioned conditions the gas exchange through the respiratory membrane is seriously damaged, leading to severe respiratory difficulties, although the total ventilation and the total blood flow through the lungs are regular. A new concept is formulated on this basis, helping understand the respiratory gas exchange even when there is a disturbance of the relation between alveolar ventilation and alveolar blood flow. This term is so called ventilation/perfusion ratio, expressed in quantitative sense as Va/Qt. In the awake subject, there is little or no additional ventilation/perfusion mismatch in the lateral position. The situation changes during anaesthesia. In the spontaneously breathing subject, there is a reduction in inspiratory muscle tone (particularly the diaphragm) and a
Hypoxic pulmonary vasoconstriction and one-lung ventilation
Hypoxic pulmonary vasocontriction (HPV) is a mechanism whereby pulmonary blood flow is diverted away from hypoxic/collapsed areas of lung. This should improve oxygenation during OLV. Volatile anaesthetic agents depress HPV directly, but also enhance HPV by reducing cardiac output. There is therefore no change in the HPV response with volatile agents during thoracotomy and OLV. Intravenous agents, such as propofol, do not inhibit HPV and should improve arterial oxygenation during OLV. There is some evidence to support this contention (10) (11) (12) (13) (14) (15) (16) (17) .
Cardiac output
Changes in cardiac output affect arterial oxygenation during thoracotomy. A decrease in cardiac output results in a reduced mixed venous oxygen content. Some of this desaturated blood is shunted during OLV and further exacerbates arterial hypoxaemia. Cardiac output can decrease for a number of reasons during thoracotomy. These include blood loss/fluid depletion, the use of high inflation pressures and the application of positive end-expiratory pressure (PEEP) to the dependent lung. Surgical manipulation and retraction around the mediastinum, causing a reduction in venous return, are probably the commonest causes of a sudden drop in cardiac output during lung resection (18) (19) (20) .
Principles of ventilation
OLV should be established to adequately inflate the lung but also minimize intra-alveolar pressure and so prevent diversion of pulmonary blood flow to the upper lung. In practice,
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The Effect of One Lung Ventilation on Intrapulmonary Shunt During Different Anesthetic Techniques 35 this is not easy to achieve. It is reasonable to use an inspired oxygen concentration of 50% initially, which can be increased to 100%, if required. This cannot affect the true shunt in the upper lung but improves oxygenation through the alveoll with low V/Q ratios in the lower lung. Overinflating the single lung ('volutrauma') can be detrimental and lead to acute lung injury. Deflation and inflation of the operative lung with the potential for ischaemia/reperfusion injury has also been implicated in lung damage. The use of low tidal volumes improves outcome in ventilated patients with adult respiratory distress syndrome (ARDS) and this may also apply to OLV. Limiting ventilation can lead to carbon dioxide retention, but a degree of permissive hypercapnia is preferable to lung trauma (21-25).
Hypoxia during one-lung ventilation
It is difficult to predict which patients are likely to be hypoxic (SpO2 < 90%) during OLV. Patients with poor lung function are sometimes accepted for lung resection on the basis that their diseased lung is contributing little to gas exchange and this can be confirmed by V/Q scanning. Conversely, patients with normal lung function are more likely to be hypoxic during OLV because an essentially normal lung is collapsed to provide surgical access. The most significant predictors of a low arterial oxygen saturation during OLV are (1) a rightsided operation, (2) a low oxygen saturation during two-lung ventilation prior to OLV and (3) a high (or more normal) forced expiratory volume in 1 sec. preoperatively. Once hypoxia occurs, it is important to check the position of the endobronchial tube and readjust this if necessary. A high inflation pressure (> 30-35 cmH2O) may indicate that the tube is displaced. It may be helpful to analyse a flow/volume loop or at least manually reinflate the lung to feel the compliance. If a tube is obstructing a lobar orifice, only one or two lobes are being ventilated at most and hypoxia is likely to occur. Suction and manual reinflation of the dependent lung may be useful.Other measures which can be used to improve oxygenation include increasing the inspired oxygen concentration, introducing PEEP to the dependent lung, or supplying oxygen to the upper lung via a continuous positive airway system, thereby reducing the shunt. In the face of persistent arterial hypoxaemia during OLV, it is pertinent to ask 'What is a low PaO2 for this patient?'. An oxygen saturation below 90% is commonly tolerated. This arbitrary figure is affected by a variety of factors, including acidosis and temperature. Many patients will have a low PaO2 when measured while breathing air preoperatively; hence, the usefulness of this preoperative measurement. Arterial hypoxaemia is obviously undesirable but it may be preferable to accept a PaO2 slightly lower than the preoperative value, rather than undertake measures such as upper lung inflation which may hinder and prolong surgery (26-31).
Thoracic epidural anesthesia
Thoracic epidural anesthesia (TEA) with local anesthetics during OLV is increasingly being combined with general anesthesia (GA) in our clinical practice for thoracic surgery. A combination of TEA with GA might maximize the benefits of each form of anesthesia. Furthermore, epidural anesthesia and postoperative epidural analgesia with their effects that exceed pain release, may improve outcome in high-risk patients (32, 33) . Thoracic epidural anesthesia reduces the incidence of respiratory complications as well as thoracic morbidity. Besides the excellent postoperative analgesia, it improves the strength and coordination of respiratory muscles; blocking the inhibitory phrenic reflex recovers the www.intechopen.com
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function of the diaphragm and the lungs, decreasing the occurrence of athelectasis as well as lung infections. On account of all these effects, the thoracic epidural anesthesia permits early extubation along with decreased length of ICU treatment. This type of anesthetic technique provides particular advantage in COPD patients as well as cardiac patients: controls tachyarrhythmia, lessens thrombotic complications, liberates from the angina pectoris, reduces myocardial straining, improves left-ventricular function, and makes the balance of myocardial oxygen supply better. By blocking sympathetic nervous system, the high thoracic epidural technique leads to vasodilatation and hypotension, reducing cardiac output. Furthermore, the consequence mentioned above enhances skin perfusion and improves the oxygen supply of peripheral tissues (34) . The blockade of the afferent nervous impulses made by the thoracic epidural anesthesia prevents and modifies neuro-endocrine, metabolic, immune, as well as autonomic response of the human body to surgical stress. Potential disadvantages include the time required to establish epidural anesthesia, intravascular fluid administration needed to avoid hypotension, and the potential for technical complications, such as epidural hematoma. The effect of intraoperative TEA with local anesthetics on HPV during thoracic surgery and OLV is unclear. Up till now, there isn't sufficient number of studies in the literature, capable to offer a definite answer to this dilemma. The pulmonary vasculature is innervated by the autonomic nervous system, and the sympathetic tone is dominant in the pulmonary circulation relative to parasympathetic activity. Theoretically, a TEA-induced sympathectomy might attenuate HPV (35) . However, in one recent experimental study, TEA did not affect the primary pulmonary vascular tone, but it improved PaO2 because of enhanced blood flow diversion from the hypoxic lobe (36) (37) (38) . Our aim in this study was: •
To determine the quantity of intrapulmonary shunt during general anesthesia and OLV.
•
To determine the quantity of intrapulmonary shunt during combination of thoracic epidural anesthesia and general anesthesia with OLV.
To compare the values of intrapulmonary shunt in both mentioned techniques.
Material and methods
This prospective, longitudinal, randomized, interventional clinical study was performed at the Clinic of Anesthesiology, Reanimation and Intensive care and the Clinic of Thoracicvascular surgery in Skopje, after getting an approvalal by our ethics committee, and signed, informed consent from each patient. We studied 60 patients who underwent elective lung surgery (by thoracotomy / thoracoscopy), or other surgical procedure which required OLV in lateral decubitus position (LDP). Patients were randomized to one of two study groups by lottery: general iv anesthesia (GA group = Group A) or general iv anesthesia combined with TEA (TEA group = Group B). Patients with serious deformities of the vertebral column, neurological diseases, and/or • Infection in the thoracic or lumbosacral region of the spine. The methods used in this study included as follows: Clinical evaluation: For all patients, preoperative assessment included: clinical examination, chest X-ray, echocardiography, measurements of forced vital capacity (FVC), forced expiratory volume in 1 sec. (FEV1), these values as a percentage of predicted values (FVC%, FEV1%), coagulation tests, standard biochemical analysis, and arterial blood gas analysis on the evening before surgery. Anesthesia: In the GA group (group A), general anesthesia was induced using fentanyl iv (3 µg/kg), midazolam (2-3 mg), and propofol (2 mg/kg); rocuronium (0.6 mg/kg) or succinyl cholin (1 mg/kg) was given to facilitate intubation of the trachea with a double-lumen endobronchial tube. Anesthesia was maintained with propofol at continuous perfusion (6-7 mg/kg/h), with increments of fentanyl (2 µg/kg) to maintain the systolic blood pressure within 15 mm Hg of post induction values and rocuronium at continuous perfusion (0.3 mg/kg/h), or pancuronium (0,01 mg/kg). In the TEA group -group B (combined anesthesia), an epidural catheter was placed at the Th5-6, Th6-7 or Th7-8 interspaces and advanced 3 cm in the epidural space before anaesthesia induction. TEA was then induced using an initial 6 to 8-ml dose of plain bupivacaine 0.5%; if necessary, additional increment doses up to 14 ml were administered until a thoracic-sensitive blockade was induced. The level of anesthesia was determined by the loss of pinprick sensation. During the onset of epidural anesthesia, colloids were infused (7 ml/kg); crystalloids (8 ml/kg/h) were subsequently infused throughout the study (the same rate as in group A), and when systolic arterial blood pressure decreased to 100 mm Hg, ephedrine was planned to be injected in increments of 5 mg (yet, no patient received ephedrine). GA was induced using the same method as in group A. After tracheal intubation, with a double-lumen endobronchial tube, anesthesia was maintained by continuous epidural infusion (6-8 ml/h) of bupivacaine 0.25%, plus propofol in continuous perfusion (6-7 mg/kg/h) and rocuronium (0.3 mg/kg/h) in continuous perfusion, or pancuronium (0.01 mg/kg), as well as fentanyl. In both groups, fluid replacement and transfusion management were based on hemodynamic monitoring and were under the direction of the attending anesthesiologist. After the induction of anesthesia, an arterial catheter was placed in the radial artery, contra lateral from the operated side, with the intention of extraction of arterial blood samples and consequent blood gases and intrapulmonary shunt analysis.
After clinical confirmation of correct double-lumen tube placement (by inspection and auscultation) with the patient in both supine and lateral decubitus position, ventilation was controlled (volume-controlled mechanical ventilation -VC) by using 50% oxygen in air (for all patients) and tidal volume of 6-8 ml/kg at a respiratory rate to maintain PaCO2 between 35 and 40 mm Hg (4, 5 -6 kPa). Effective lung isolation was determined by the absence of leak from the nonventilated lumen of the endobronchial tube. When the pleura was opened, the isolation was confirmed by direct observation of the collapsed nonventilated lung and the absence of leak from this lung. During OLV, the same tidal volume, respiratory rate, and fraction of inspired oxygen were used; the bronchus of the lung not being ventilated upon was excluded and open to atmospheric pressure. Monitoring during anesthesia:
oxygen saturation from pulsoxymetry -SAT% • inspired oxygen fraction -FiO2 • partial pressure of carbon dioxide in arterial blood -PaCO2
Measurments -in 4 stages (always in lateral position):
• T0 -during TLV • T1 -immediately after beginning of OLV • T2 -10 min. after beginning of OLV • T3 -30 min after beginning of OLV Blood samples were drawn simultaneously from the arterial catheter and analyzed within 10 min., using the blood gases analyzator AVL Compact 3 BLOOD GAS (which is used in our Intensive Care Unit).
Parameters evaluated in these 4 stages:
• partial pressure of oxygen in arterial blood (PaO2) • oxygen saturation of arterial blood (SaO2) • intrapulmonary shunt value (Qs/Qt). The Qs/Qt% is usually calculated using the venous admixture equation: But for the purpose of this study, the quantitative value of Qs/Qt % was mathematically calculated by the blood gases analyzator AVL Compact 3 BLOOD GAS. Statistical analysis was performed using specific computer programs. Collected data were processed with standard descriptive and analitical bivariant and multivariant methods. Statistical significance of discrepancies between atributive series was tested using Student t -test and Mann-Whitney U test. The probability for association between distributions of frequencies of two atributive variables was evaluated with x² -test.
Statistical relevance of dissimilarities inside groups was analysed with ANOVA test, which was additionaly confirmed with post hoc test -Tukey honest significant difference (HSD) test. For CI (confindence interval ) was considered p<0,05. Results were displayed with table and graph illustrations.
Results
Demographic data
60 patients were enrolled in the study, 47 of which were men, and 13 were women (p=0,020). The examinated patients were divided in two groups, each with 30 pts: group A, whose patients underwent thoracic surgery with OLV in general anesthesia, and Group B, subjected to the same operative procedure, performed in combined general and thoracic epidural anesthesia. Graph 1 demonstrates patients' gender in groups, showing that no statistically significant difference exists between two examinated groups of patients. The average values of EF% in patients from both examinated groups are in extend of refferent values. The disclosed difference between these parameters among two groups is statistically significant for p=0,00000*, according to Mann-Whitney U test ( The average values of RR/min. in both groups show rise during operative monitoring. The differences in these values are insignificant between groups A and B, and statistically significant inside groups (p=0,00000*) ( Tables 6,7) . This difference doesn't have clinical importance for the aims of the study (since respiratory rate during OLV is deliberately increased in all patients, in order to decrease the value of PaCO2).
The average values of SAT% in both studied groups demonstrate fall during the operative monitoring. The difference in these values is statistically irrelevant between groups A and B; however, the dissimilarities inside groups A and B is statisticaly significant for p=0,000011* and p=0,00000* (Tables 6, 7) , showing decrease in arterial oxygen saturation during OLV in patients from both groups.
The average values of PCO2/mmHg in both groups demonstrate increase during operative monitoring. The differences in these values are statistically insignificant between groups A and B; on the other hand, inside groups A and B, the discrepancy is statisticaly significant for p=0,000115* and p=0,000081* ( Tables 6, 7 ). This inequality illustrates the phenomenon of so called permissive hypercapnia during OLV (which is expected, inspite of therapeutic increase of RR/min., with intention of maintaining PaCO2 in normal range of values).
Intraoperative gas analysis and intrapulmonary shunt
The average values of PaO2 in both studied groups show fall during the operative monitoring. The differences in these values between groups A and B are statistically insignificant. Inside groups A and B the dissimilarities are statistically significant for p=0,0000021* and p=0,000000*. T0  T1  T2  T3  T0 0,075231 0,000139* 0,000352* T1 0,075231 0,024138* 0,265002 T2 0,000139* 0,024138* 0,719175 T3 0,000352* 0,265002 0,719175 SaO2  T0  T1  T2  T3  T0 0,371996 0,000142* 0,004258* T1 0,371996 0,003861* 0,259930 T2 0,000142* 0,003861* 0,355108 T3 0,004258* 0,259930 0,355108 PaO2  T0  T1  T2  T3  T0 0,045269* 0,000137* 0,000158* T1 0,045269* 0,000202* 0,135773 T2 0,000137* 0,000202* 0,086017 T3 0,000158* 0,135773 0,086017 SaO2  T0  T1  T2  T3  T0 0,503957 0,000137* 0,002297* T1 0,503957 0,000137* 0,115369 T2 0,000137* 0,000137* 0,005223* T3 0,002297* 0,115369 0,005223* Table 13 . Post-hoc -Tukey honest significant difference (HSD) test for Group B -SaO2
The average values of SaO2 in both groups illustrate decrease during the operative monitoring. The difference between these values among groups A and B is statistically insignificant. Inside groups A and B, the discrepancies are statistically relevant for p=0,000008* and p=0,000000*. The additionally performed post-hoc test for SaO2 in groups A and B demonstrates which differences (i.e. measuring times) are statistically relevant (Tables 8, 9, 11, 13) . T0  T1  T2  T3  T0 0,725131 0,000563* 0,320393 T1 0,725131 0,014827* 0,907021 T2 0,000563* 0,014827* 0,086875 T3 0,320393 0,907021 0,086875 T0  T1  T2  T3  T0 0,776395 0,000137* 0,152861 T1 0,776395 0,000202* 0,648599 T2 0,000137* 0,000202* 0,005223* T3 0,152861 0,648599 0,005223* 
Discussion
OLV creates an obligatory transpulmonary shunt through the atelectatic lung. Passive (gravitation and surgical manipulation) and active (HPV) mechanisms minimize the redirection of blood flow towards the atelectatic lung, thus preventing the fall of PaO2; yet, the most important turn of the blood flow towards the dependent lung is caused by HPV (39). Hurford et al. in their study (40) tested the hypothesis that during OLV is more likely to come to intraoperative hypoxia if there is bigger pulmonary blood flow in the operated lung before surgery. In their study they examinated 30 patients with previously performed ventilation-perfusion scan preoperatively, who underwent a thoracic procedure in lateral decubitus position with OLV. The percentage of blood flow in the operated lung seen on the preoperative perfusion scan reversely correlated with PaO2, 10 minutes after initiating of OLV (р=-.72). If the percentage of blood flow in the operated lung on the preoperative scan was greater than 45%, the probability for hypoxemia (PaO2 < 75 mm Hg) was bigger.
Since the preoperative regional ventilation in these patients was equivalent with the perfusion, also the percentage of preoperative ventilation correlated reversely with PaO2 after 10 min. of OLV initiation (р=-.73). The arterial gas analyses, pulmonary functional tests and pulmonary volumes, were not associated with the oxygenation during OLV. This is opposite of the results of Slinger et al. (41) . In their study they discovered that one equation with three variables [PaO2 during intraoperative two lung ventilation in lateral decubitus position, side of surgery and preoperative relation of forced expiratory volume in Our results from this study verify that preoperative arterial gas analysis, as well as FVC and FEV1, can't be perceived as confident evidence that the exact patient will develop hypoxia of bigger or smaller extent during OLV. Previous clinical research studies showed controversial results regarding oxygenation, shunt fraction and hemodynamic parameters during OLV (42, 43, 44, 45) . That is the period required for development of the compensatory mechanism called HPV (hypoxic pulmonary vasoconstriction) and redirection of blood flow away from the atelectatic lung. As a result, the shunt fraction will also decrease. Our results confirmed the conclusions from the last mentioned studies -that during conversion from TLV to OLV in patient placed in lateral decubitus position throughout thoracotomy / thoracoscopy, it comes to decrease in arterial oxygenation, as well as increase in shunt fraction. Namely, the average values of PaO2 in two examinated groups of patients fall down throughout the operative monitoring (group А from 23,29+/-7,97 kPa in TLV, to 13,78+/-5,84 kPa after 10 min. of OLV, and returns to 15,66+/-6,62 kPa, 30 min. after OLV; and group B -from 20,98+/-4,68 kPa during TLV, to 11,87+/-4,95 kPa, 10 min. after OLV, and returns to 14,88+/-4,45 kPa 30 min. after OLV); the average values of SaO2 in the two groups show decrease during operative monitoring (group А -from 99,06+/-0,81% during TLV, to 93,52+/-6,03%, 10 min. after OLV, and returns to 95,31+/-4,62%, 30 min. after OLV; and group B -from 99,09+/-0,6% during TLV, to 92,92+/-5,2%, 10 min. after OLV, and returns to 95,89+/-3,78%, 30 min. after OLV); also, the average values of Qs/Qt in two examinated groups demonstrate dynamic changes during operative monitoring -in the group A begins with quantity < 1% in T0, increases to 8,03+/-10,59% in T2, and in T3 decreases to 3,94+/-6,21%; in the group B, it begins with value <1% in T0, increases to 10,93+/-10,8% in T2, and in T3 decreases to 4,82+/-7,58%. The statistically significant differences for PaO2, SaO2 and Qs/Qt, inside the groups A and B, show that after a certain time from initiating of OLV (after 10 min.), hypoxia develops with drop of values of PaO2 and SaO2, as well as increase of the quantity of intrapulmonary shunt. The subsequent decrease of Qs/Qt in the fourth measurement (T3), illustrates the development of HPV in this period of time, over and above the decrease of the shunt fraction 30 min. after the beginning of OLV in lateral decubitus position during thoracotomy / thoracoscopy. Other factors that could reduce PaO2 are cardio-vascular and hemodynamic effects of thoracic epidural anesthesia (ТЕА): the decline of HR, SAP, stroke volume and cardiac output (CO), as a result of the blockade of sympathetic nervous system. Even more, the systemic consequences from the absorption of local anesthetics could lead to circulatory changes, like reduction of CO (47, 48) .
The results in our study demonstrated that the average values of HR/min. in both groups showed increase during operative monitoring from T0 to T3 (group А-85,56+/-12,53 to 88,53+/-12,19 and group B -76,16+/-13,15 to 81,6+/-13,49). The difference in average values for HR/min. recorded between groups A and B is statistically significant in T0 and T3 (p<0,05), whilst in T1 and T2 it isn't statistically significant (p>0,05). Inside the groups A and B, the variation in average values of HR/min. is statistically non-significant (p>0,05). But, as it is demonstrated by the comparison of the data from intraoperative arterial gas analysis between the groups A and B, obviously this dissimilarity for HR/min. which is a result of the depth of anesthesia, as well as administration of TEA in group B, doesn't lead to an important difference in arterial oxygenation and shunt fraction between two groups. The other hemodynamic parameter which is intraoperatively monitored in our patients, SAP/mmHg, doesn't differ considerably among two groups, which advocates even more the previous statement -that the mentioned hemodynamic diversity in our patients doesn't have any significance in the process of delivering the conclusions in this study. The degree of difficulty of the disease in non-dependent lung is also a critical determinant of the quantity of blood flow in non-dependent lung. If this lung is seriously 'diseased', there could be a preoperative fixed reduction of its blood flow, thus its 'collapse' may not cause considerable increase in shunt fraction. In fact, Hurford et al. (40) in their prospective study provided evidence that the patients who had in affected lung less than 45% of their pulmonary blood flow, had notably smaller risk for development of hypoxia during OLV. As literature shows, the administration of sodium nitroprussid or nitroglycerin -which is supposed to diminish hypoxic pulmonary vasoconstriction (HPV) in patients with COPD (chronic obstructive pulmonary disease), who have fixed reduction of their pulmonary vascular bed, doesn't initiate enhancement of the shunt. This observation supports the fact that the affected (diseased) pulmonary vasculature is incapable to develop HPV (49, 50) . On the other hand, these medicaments augment the shunt fraction in patients with acute regional lung disease, who otherwise have normal pulmonary vascular bed. Due to this fact, it is more likely that greater degree of shunt through non-dependent lung during OLV will develop in patients who should be subjected to thoracotomy because of non-pulmonary disease. This statement was confirmed with our patients also. In three patients with diagnosis Ca esophagi who underwent thoracotomy with intraoperative utilization of OLV (one in group A and two in group B), are recorded values of Qs/Qt during OLV that are very close to the maximal registered ones in two groups of patients. However, this clinical feature could be only understood as higher probability, but not as a rule.
OLV has much less effect on PaCO2 than on PaO2 (52) . During clinical use of OLV, the respiratory rate is adjusted in order to maintain a 'safe' level of elimination of CO2, guided by the measurements of capnography (End-tidal CO2) and/or arterial gas analysis. Sometimes the minute ventilation achieved by employing these ventilatory parameters could be minor than the ideal one. The minute ventilation could be limited due to air trapping, not only in patients with COPD, but also in patients with normal preoperative lung function. (55) . Nonetheless, their study has great limitations. CO and PvO2, which are important factors for assessment of the impact of HPV, were not measured. The venous blood for gas analysis used to determine shunt fraction, was taken using central venous catheter (55) . ТЕА was combined with propofol. Kasaba et al. (56) reported that hypotensive effects of propofol are additive to those of epidural anesthesia. Garuti et al. (55) used iv ephedrine only in TEA group when systolic arterial pressure dropped below 100 mmHg. Ephedrine is partial and agonist (57) . This explains the similarity of compared values of HR and SAP in both groups, but does not make clear the worst oxygenation, because it seems that ephedrine provides an increase of PaO2 without alteration of intrapulmonary shunt during OLV in thoracic surgery. For the reason that copies of -adrenergic subtype are found in porcine tissue of the lungs and left ventricle ( 1: 67/72; 2: 33/28; 3: 2/25) (58), it can't be excluded that augmentation of cardiac output through -receptor activity could be responsible for increasing the shunt fraction and poorer oxygenation in the study of Garutti et al. (55) . Hackenberg et al. (59) , by using multiple elimination of inert gas for analysis of inequality of ventilation/perfusion matching, demonstrated that TEA didn't influenced the development of shunt, before and after induction in general anesthesia. The reason for the eventual fall of PaO2 while using TEA could be as follows: pulmonary vasculature is innervated by autonomous nervous system. Stimulation of the sympathetic nerves in the lungs causes enhancement of PVR (pulmonary vascular resistance), as a result of the activation of -receptors in pulmonary vascular bed. The mediator released on the sympathetic nerve endings is norepinephrine (47, 48, 54) . The blockade of the sympathetic nervous system with -adrenergic antagonists or -adrenergic agonists diminishes HPV, while -adrenergic antagonists enhance this response. So, maybe the actual factor is the block of the activity of thoracic sympathetic system over pulmonary vascular response. However, previously mentioned studies, like the one of Ishibe et al. (36) , demonstrate that TEA didn't affect the primary pulmonary vascular tone during OLV, but slightly augmented the redistribution of blood flow away from hypoxic lobe and towards other well oxygenated lung areas. The explanation lies in the fact that most of these studies were not completed under same conditions (for example, anesthetized patients, lateral decubitus position, atelectatic lung tissue).
Our results show that no statistically significant difference exists (p>0,05) for Qs/Qt % between the groups A and B in all stages of measurements. This points to the fact that when two anesthetic techniques are compared, the use of combined anesthesia (GA plus TEA with local anesthetics) for thoracic surgery doesn't lead to bigger reduction of PaO2 and greater increase of intrapulmonary shunt during OLV, than intravenous GA.
Summary
Based on the experiences of other authors from literature, as well as on our own research, we would provide following recommendations for safe anesthesia during OLV, regarding the principles of ventilation:
• OLV should be established in a way that the lungs would inflate adequately, but minimizing the intra-alveolar pressure at the same time, in order to prevent redistribution of pulmonary blood flow towards upper (non-dependent, nonventilated) lung. It is not easy to accomplish this in practice.
•
It seems reasonable to use initial FiO2 of 50%, which could be increased up to 100%, as needed. This can't influence the real shunt in upper lung, but it improves oxygenation throughout alveoli with low Va/Qt relations in lower lung. • "Over inflation" of one lung (volutrauma) is harmful and leads to acute lung injury. Deflation and inflation of the operated lung, with a possibility of ischemic/reperfusion injury, is also included in lung trauma. Application of very low tidal volumes improves the outcome of mechanically ventilated patients (50, 51, 56) .
• Arterial hypoxemia is obviously undesirable, but in spite of everything, it might be better to accept PaO2 a little lower than preoperative value, than to undertake measures like inflation of the upper lung, which could present an obstacle for surgical intervention and could prolong it (21, 22, 42, 59, 66, 67) . At the end, it could be concluded that:
•
In patients subjected to OLV in general anesthesia (GA), hypoxia develops, with decrease in PaO2 and increase of the value of intrapulmonary shunt, a period of time after initiation of OLV (after 10 min.), with subsequent return of Qs/Qt towards lower values (after 30 min. of OLV), because of the development of compensatory mechanisms (HPV).
In patients subjected to OLV managed with thoracic epidural anesthesia (TEA) combined with general anesthesia (GA), hypoxia occurs, also, with fall of PaO2 and increase of the value of intrapulmonary shunt, 10 min. after commencement of OLV, and returning of Qs/Qt towards normal values (approximately), about 30 min. after initiated OLV.
Thoracic epidural anesthesia (TEA) doesn't lead to augmentation of hypoxia and enhancement of the shunt fraction during OLV.
